Background This study examined the effect of different intensities of physical activity and the recommendations of the World Health Organization (WHO) on the subjective well-being (SWB) of adults in two age groups (18-64; 65+).
Introduction
The positive health effects of physical activity for adults of all ages have been well documented in the literature. [1] [2] [3] For example, Mechling and Netz 4 highlighted the relevance of physical activity during the aging process because it was found to be associated with increasing life expectancy or decreasing risk of mortality, increasing cardiovascular fitness and muscle mass as well as improved cognitive performance and well-being.
Consequently, participation in physical activity was recommended by various health organizations to promote public health. 5, 6 For example, the World Health Organization (WHO) provided the following recommendation: 5 'Adults […] should do at least 150 minutes of moderate-intensity aerobic physical activity throughout the week, or do at least 75 minutes of vigorous-intensity aerobic physical activity throughout the week, or an equivalent combination of moderate-and vigorous-intensity activity.' At least three aspects may be worth discussing: first, the recommendations are relatively general. Although the WHO distinguished between adults aged 18-64 years and adults aged 65 years and older, the above recommendation was given for both age groups. Second, moderate-intensity activity and vigorous-intensity activity were considered to be interchangeable, i.e. individuals should practice either a bit longer at moderate intensity or a bit shorter at vigorous intensity or use a combination of both.
Third, the WHO 5 stated that these recommendations would be made to 'improve cardiorespiratory and muscular fitness, bone health and reduce the risk of NCDs [noncommunicable diseases] and depression'. While the focus was on the promotion of physical health outcomes, aspects of mental health-like depression (and cognitive decline for adults 65+) were explicitly mentioned, too. This is in line with other documents by the WHO 7 stating that 'there is no health without mental health'. Thus, the recommendations were made for both physical and mental health; yet, the effects on the latter were largely neglected in previous research.
In order to improve mental health, the WHO 7 recommended that the mental well-being of the population should be promoted, suggesting that mental health and well-being are correlated. Subjective well-being (SWB) was defined as 'a person's cognitive and affective evaluations of his or her life'; 8 it is a self-reported measure that is typically assessed with questions about general life satisfaction. [9] [10] [11] Previous research documented that self-reported measures of SWB and mental health problems (e.g. depression and anxiety disorders) would be significantly associated 12, 13 and that SWB may 'prove useful in screening for those whose subjective well-being deserves attention and in assessing alleviation from depression.' 14 Therefore, it is worth examining how different participation intensities in general and the physical activity recommendations of the WHO in particular are related with the well-being of the population.
Generally speaking, previous research documented that participation in physical activity was positively associated with SWB. 9, 10, [15] [16] [17] [18] This positive relationship has also been confirmed for individuals of all age groups. 11 Yet, most studies only used broad measures of physical activity like a dummy variable measuring whether people are active or not, 9, 11, 15, 16 or a frequency measure; 18 but failed to consider the intensity of the activity.
A few studies used more detailed measures by examining the relationship between the intensity of physical activity and SWB. This literature is particularly relevant since the WHO guidelines include different participation intensities. Lampinen et al. 19 showed that among older adults, an agerelated decrease in the intensity of physical activity was associated with a higher risk of depressive symptomsone facet of mental health. Netz et al. 20 documented that moderate-intensity activity was the most beneficial activity level for improving mental well-being at an advanced age. Downward and Dawson 21 showed that participation in moderate-intensity activity significantly adds to happiness. Wicker and Frick 22 reported that moderate-intensity activity is positively associated with SWB, while vigorousintensity activity has a negative effect. Yet, neither study considered age-specific differences: while the first two studies only looked at older adults, the latter two have not distinguished between different age groups at all. Moreover, it has not yet been examined how the WHO guidelines are associated with SWB.
The purpose of this study was to examine the effect of different intensities of physical activity and the recommendations of the WHO 5 on the SWB of adults in two WHO age groups (18-64; 65+) . This study contributes to the body of research examining the relationship between physical activity and SWB by looking specifically at the role of participation intensity in two adult age groups.
Methods

Data and sampling
This research used data from the Eurobarometer 80.2, an official survey authorized by the European Commission. [23] [24] [25] The Eurobarometer is a regular survey of European citizens. Several Eurobarometer surveys are conducted each year with each survey focusing on specific topics. The present one included specific questions on physical activity in addition to the standard set of socio-demographic questions.
The data for the present survey were collected between 23 November and 2 December 2013 by TNS Emnid. A random selection process was used to ensure that the countryspecific samples are representative. In most countries, approximately 1000 individuals were interviewed, while approximately only 500 individuals were interviewed in smaller countries (e.g. Luxembourg, Malta and Northern Ireland). The initial sample included n = 27 919 observations. The WHO 5 also provided recommendations for 5-to 17-year-olds, but this age group was not adequately represented in the Eurobarometer data since the youngest respondents were 15 years old. Therefore, respondents aged 17 years and younger were excluded. After also removing observations with missing values on core variables the final sample size was n = 21 008.
Measures and variables
The variables used in this study are presented in Table 1 . The outcome variable of interest is Satisfaction, which measures SWB. In accordance with previous research, 9-11 SWB was assessed with a question about overall life satisfaction that was phrased as follows: 'On the whole, are you very satisfied, fairly satisfied, not very satisfied or not at all satisfied with the life you lead?'. 25 SWB was measured on a 4-point scale similar to previous studies. 11, 16 Three sets of participation intensity variables were used in this study. The first set captured the number of days individuals practiced at different intensities in the week prior to interview: Walk_days measured the number of days with at least 10 min walking at a time and reflects light activity, which may be particularly relevant for older adults;
Mod_days captured the number of days individuals engaged in moderate-intensity activity (e.g. carrying light loads, cycling at normal pace, doubles tennis; walking was explicitly excluded); and Vig_days measured the number of days people engaged in vigorous-intensity activity (e.g. lifting heavy things, digging, aerobics and fast cycling).
The second set of variables measured the time spent (in minutes) on physical activity at different intensities in the week prior to the interview: Walk_time, Mod_time and Vig_time were computed by multiplying the number of days with the average duration of a session at that intensity which was also assessed in the survey. Since it was possible that respondents participated in several activities of different intensities on the same day, the above measures were not mutually exclusive. Since the way the WHO 5 guidelines were written suggested that more physical activity would be better, squared terms of the participation intensity variables were not considered.
The third set of variables reflected whether and how respondents met the WHO 5 recommendations. Four dummy variables were computed using information about the number of days per week and the average duration of a session: WHO_not was equal to 1 when the guidelines were not met (i.e. individual was inactive or activity level was below the guidelines); WHO_mod was 1 when the guidelines were only met for moderate-intensity activity (i.e. at least 150 min throughout the week); WHO_vig was equal to 1 when the guidelines were only met for vigorous-intensity activity (i.e. at least 75 min throughout the week); and WHO_both was 1 when the guidelines were met for both moderate and vigorous activities or using a combination of both types of intensity. These variables were mutually exclusive. Since light activity (walking) was not included in the WHO 5 recommendations, it was not used to calculate this set of variables. All participation intensity variables were self-reported measures.
Statistical analysis
For the empirical analysis, the total sample was divided into two age groups, which were chosen based on the WHO 5 guidelines: 18-64 years and 65 years and older. We estimated three sets of models with Satisfaction as the dependent variable: the first set included the three participation intensity variables reflecting the number of days; the second set included the three variables capturing total minutes; and the third set included the four variables measuring whether/how the WHO guidelines were met. Each model was estimated for both age groups resulting in six models. Since SWB was found to be affected by various other factors such as gender, age, marital status, children and employment, 11,15,27 these variables were included as controls in the models (Table 1) . Country dummies were included to control for unobserved heterogeneity affecting SWB in each country.
Endogeneity may be an issue in the present models since there are other factors like physical health status that may be correlated with both the physical activity variables and the SWB measure. These unmeasured influences are captured in the equation's error term. To deal with endogeneity, we identified three instrumental variables that were correlated with the participation intensity variables, but showed low correlations with SWB: membership in a sport club (r satisfaction = 0.185), perceived availability of opportunities to by physically active by local sport clubs and other providers (r satisfaction = 0.287) and time spent sitting on a usual day (r satisfaction = 0.054). Club membership, measures of sport supply and time spent sitting have already been used as instruments in previous research. 9, 11, 16, 22 Twostage least square (2SLS) models were estimated-similar to previous studies. 9, 16 The first-stage regression results showed that all t-values except one were significant for club membership and time spent sitting, while the sport supply measure was only significant in half of the occasions. In light of the challenge of finding three instruments in the data that can be used for three types of participation intensity variables, the validity of these instruments can be considered acceptable.
Results
The summary statistics are displayed in Table 2 . Altogether, 53.9% of the respondents were female and the average age in the sample was 49.7 ± 17.0 years. Average life satisfaction was 3.00, which is equivalent to fairly satisfied. One quarter (24.95%) of the respondents reported that they were very satisfied. This proportion was higher in the age group 65 + (32.7%) than in the age group 18-64 (22.7%).
The participation intensity variables reveal that, on average, respondents walked for at least 10 min at a time on 4.4 days in the week prior to the interview and engaged in moderate-and vigorous-intensity activity on 2.2 and 1.5 days, respectively. Respondents spent on average 40 min on walking, 143 min on moderate activity and 107 min on vigorous activity. With regard to participation of at least 1 day, a comparison of the two age groups shows that 88.8% of the 18-to 64-year-olds and 84.4% of the at least 65-year-olds reported at least 1 day of walking. Differences between age groups were larger for at least 1 day of moderate (Mod_days 18-64 >0 = 62.1% versus Mod_days 65+ > 0 = 49.4%) and vigorous activity (Vig_days 18-64 > 0 = 51.5% versus Vig_days 65+ > 0 = 31.2%).
Turning to the WHO guidelines, the results show that more than half of the respondents (51.9%) did not meet them. This share was higher in the age group 65 + (63.3%) than among the 18-to 64-year-olds (48.6%). Altogether, 10.1% of respondents met the guidelines only for moderate activity, 16.9% only for vigorous intensity and 21.1% met the guidelines for both intensity levels or with a combination of both. The proportion of 18-to 64-year-olds is lower for WHO_mod (9.7 versus 11.6%), but higher for WHO_vig (18.6 versus 10.8%) and WHO_both (23.1 versus 14.3%).
The results of the 2SLS models by age group are displayed in Table 3 . The effects of the control variables were in accordance with the literature; 9, 11, 21, 26 and therefore, the findings regarding the participation intensity variables could be considered credible. The first set of models shows that only the number of days walking had a statistically significant and positive effect on the SWB of 18-to 64-year-olds, while Note: Displayed are the unstandardized coefficients (standard errors in parentheses); *P < 0.10; **P < 0.05; ***P < 0.01; reference categories are Married, no statistically significant relationships were found between the participation intensity variables and the SWB of individuals aged 65 years and older.
In the second set of models, the number of minutes respondents spent on walking and on vigorous-intensity activity had a significant positive effect on the SWB of 18-to 64-year olds, while the number of minutes dedicated to moderate-intensity activity had a negative impact. All participation intensity variables were insignificant in the model analyzing individuals aged 65 years and older.
The third set of models reveals similar effects for both age groups: individuals who met the WHO guidelines only for moderate activity and those who met the guidelines for both types of intensity or using a combination of both reported a significantly higher level of SWB than respondents not meeting the guidelines. The effect of WHO_vig was insignificant.
Discussion Main findings of this study
This study examined how different intensities of physical activity affect SWB in the two adult age groups (18-64 and 65+) defined by the WHO. 5 No age-specific differences were found when examining how the different ways of meeting the WHO guidelines affect SWB: individuals meeting the guidelines only for moderate activity and those meeting the guidelines for moderate and vigorous activity or using a combination of both reported significantly higher levels of SWB compared with those not meeting the guidelines, with the impact being larger for the older age group.
Light-intensity activity (walking) had a significant positive effect on the SWB of 18-to 64-year-olds as well as total minutes of vigorous-intensity activity, while total minutes of moderate-intensity activity had a negative effect. On the contrary, the number of days or minutes spent on different participation intensities was not significantly associated with the SWB of individuals aged 65 years and older. This difference can be explained by at least two circumstances. It is likely that older people report higher levels of SWB (as also evident in our results) because they have lower expectations and are more easily satisfied. 28 Moreover, a cohort effect could be at work here rather than a pure age effect. 29 The age group 65+ includes individuals of whom many went through World War II, while the group 18-64 includes individuals of whom most have been born in a period characterized by unprecedented political freedom and strong economic growth. This cohort effect may explain why more intensive physical activity was needed to achieve higher levels of SWB.
Our results have implications for various health organizations providing physical activity recommendations with the aim of improving individuals' mental health too. First, recommendations were formulated in a way the more physical activity, the better. 5 This relationship does not exist for all types of intensity given our results for the number of activity days and minutes. Moreover, it does not exist at all for the age group 65+. Second, moderate-intensity and vigorous-intensity activity should not be considered interchangeable. Specifically, the recommendations for vigorous activity should be reconsidered given that meeting the WHO guidelines only for vigorous activity was not significantly related with SWB. Third, lightintensity activity such as walking should be considered in such guidelines. To conclude, physical activity recommendations should be reconsidered as well as programs designed based on such recommendations, especially because of the relationship between SWB and mental health problems. [12] [13] [14] What is already known on this topic Previous research has shown that physical activity adds to SWB; 10, 13, 14 yet, those studies only used broad measures of physical activity (e.g. yes-no questions) and did not consider participation intensity. Age-specific differences were only investigated in one study, but not in relation to participation intensity. 11 Those studies examining the relationship between participation intensity and SWB did not investigate differences between age groups and did not analyze the WHO recommendations. [15] [16] [17] [18] What this study adds
The contribution of this study is 3-fold. First, contrary to previous studies using broad measures of physical activity, 10, 11, 13, 14 this study used more detailed measures by considering different participation intensities (light, moderate and vigorous). This was important because the WHO guidelines also specified different participation intensities. Second, this study examined whether and how the different ways of meeting the WHO recommendations affect SWB. Third, it analyzed age-specific differences, i.e. whether the relationship between participation intensity and SWB differed between the two adult age groups defined by the WHO. 5 An age-specific examination is needed to better inform public health policies and physical activity recommendationsespecially in light of the demographic changes and an aging population in many Western countries. 30 
Limitations of this study
This study was limited to the available survey data and variables. Moreover, both the participation intensity and SWB e24 JOURNAL OF PUBLIC HEALTH variables were self-reported measures, which could compromise their reliability. 31, 32 Since some of the participation intensity variables were not mutually exclusive, the interpretation of marginal effects was problematic. Also, the study was only cross-sectional in nature because participation intensity has not been assessed in previous waves of the Eurobarometer. Future studies should be based on panel data that allow investigating how changes in participation intensity affect the SWB of individuals in different age groups. In this context, it would be interesting to examine differences between individuals who just started participation in physical activity (because they were previously inactive) and those with continued participation throughout their lives.
